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DESCRIPTION 



METHOD F OR MANUFACTURI NG TFT ARRAY SUB STRATE OF 

: 3— , ■ ■ 

LIQUID CRYSTAL DISPLAY DEVICE 



TECHNICAL FIELD 
The present invention relates to a method for manufacturing 
a liquid crystal display device, and more particularly to a method of 
manufacturing a TFT array substrate of an active matrix liquid crystal 



^ 10 display. 



BACKGROUND ART 
In a liquid crystal display, an electro-optic characteristic of a 
liquid crystal is utilized and combined with a polarizing plate in order to 



UJ 15 carry out display by controlling a voltage to be applied to the liquid 

m 

M> crystal. A liquid crystal display has a light weight than that of a CRT 

fjj and is excellent in portability, so that has been applied to a display 

device of a mobile computer in recent years. 

In particular, an active matrix liquid crystal display, in which 
20 a switching element such as a thin film transistor (TFT) is provided for 
each pixel to control a voltage to be applied to a liquid crystal, is 
characterized by a higher display quality as compared with a simple 
matrix type liquid crystal display, and has vigorously been developed 
and applied. 

25 Fig. 1 shows an equivalent circuit of a basic active matrix 

type liquid crystal display, and an operation thereof will be described. 
Fig. 1(b) is a partially enlarged view showing a P portion of Fig. 1(a). 
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A switching element 7 such as a TFT, a liquid crystal 
capacitance (capacitance of liquid crystal in the pixel) 8 and an auxiliary 
capacitance 9 are formed to define a pixel in the intersecting portion of a 
gate line 1 and a source line 2. The pixels are arranged in a matrix to 
5 form a TFT array substrate. 

When a selection pulse is applied to the gate line, all of the 
switching elements connected to the gate line are turned ON and a signal 
applied to a source line connected to each switching element is written to 
the liquid crystal capacitance and the auxiliary capacitance through the 
10 switching element. When the application of the selection pulse is 
completed and the gate line is brought into a non- selection state, the 
switching elements are turned OFF so that electric charges written to the 
liquid crystal capacitance and the auxiliary capacitance are held until 
one vertical scanning period passes and the selection pulse is applied 



US 15 again to the gate line. 

ru 

M- I n the active matrix type liquid crystal display, usually, a 



switching element such as a TFT is provided on one of two substrates to 
form a TFT array substrate, a common electrode is provided on the other 
substrate to form a counter substrate, and the two substrates are 
20 opposed to each other interposing a liquid crystal layer therebetween. 

A method for manufacturing a TFT array substrate according 
to the conventional art will be described with reference to Figs. 2, 3 and 
4. 

Fig. 2 is an enlarged plane view showing the main part of the 
25 TFT array substrate. In Fig. 2, a TFT comprising a gate electrode 12, a 
source electrode 2 1 and a drain electrode 22 is formed in the intersecting 
portion of a gate line 13 and a source line 20, and the drain electrode 22 
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of the TFT is connected to a pixel electrode 27 through a contact hole 24. 
In order to apply a selection pulse from the outside, the end of the gate 
line 13 is extended to the outside of a display region of the liquid crystal 
display to form a lower pad 15. The lower pad 15 is connected to an 
upper pad 28 through a contact hole 25, and the selection pulse is 
inputted from the upper pad. 

The end of the gate line 20 is also extended to the outside of 
the display region of the liquid crystal display to form a lower pad 23, 
which is not shown in Fig. 2. The lower pad 23 is connected to an upper 
^ 10 pad 29 through a contact hole 26, and a signal is inputted from the 



O upper pad. 

03 

The reference numeral 14 in Fig. 2 denotes a common line for 



forming an auxiliary capacitance together with a pixel electrode 27. 
Moreover, the reference numeral 38 denotes a channel of the TFT. 

Q 

y 15 Figs. 3 and 4 are sectional views illustrating the method for 

Pj " 

I* manufacturing a TFT array substrate in Fig. 2. 

First of all, a first metal layer is formed on an insulating 
substrate 11 by using a method such as sputtering. The first metal 
layer comprises metal such as Cr, Al or Mo, an alloy containing the metal 
20 as an essential component, or a laminated layer thereof. Then, 
photolithography is carried out by using a photoresist, thereby removing 
an unnecessary portion from "the first metal layer by etching or the like. 
Thus, a gate electrode 12, a gate line 13, a common line 14 and a lower 
pad 15 are formed. This state is shown in Fig. 3(a). 
25 Next, an insulating film (a gate insulating film) 16 comprising 

SiNx or Si0 2 is formed by various CVD methods such as plasma CVD, or 
by sputtering, evaporation, coating or the like. Furthermore, an a-Si:H 



layer (a first semiconductor layer) 17, and a semiconductor layer (an 
impurity semiconductor layer or a second semiconductor layer) 18 such 
as an n+a-Si:H film or a microciystal n+Si layer which is doped with an 
impurity such as phosphorus, antimony or boron are formed by plasma 
CVD, sputtering or the like. Furthermore, a second metal layer 19 is 
formed by using sputtering or the like. A second metal layer comprises 
metal such as Cr, Al or Mo, an alloy containing the metal as an essential 
component or a laminated layer thereof. 

Subsequently, a photoresist R is applied to form a resist 
pattern comprising a region A in which the photoresist R has a great 
thickness, a region B in which the photoresist R has a small thickness, 
and a region C in which the photoresist R is removed. This state is 
shown in Fig. 3(b). 

Next, the second metal layer 19 is subjected to etching by 
using the resist pattern. The second metal layer 19 in the region C 
having no photoresist R is selectively removed. This state is shown in 
Fig. 3(c). 

Then, the photoresist R in the region B is removed. At this 
time, since the photoresist R in the region A has a great thickness, it is 
not removed but remained. This state is shown in Fig. 3(d). 

Next, the photoresist R remaining in the region A is used to 
first etch the semiconductor layers 18 and 17, thereby removing the 
semiconductor layers 18 and 17 in the region C, and to then etch the 
second metal layer 19, thereby removing the second metal layer 19 in 
the region B. This state is shown in Fig. 3(e) and 4(a). 

Furthermore, the semiconductor layer 18 in the region B is 
removed by etching and the whole resist R is then removed. This state 
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is shown in Fig. 4(b). A source line 20, a source electrode 21, a drain 
electrode 22 and a lower pad 23 are formed on a substrate. 

Subsequently, a protective film 35 is formed over the whole 
surface and photolithography is then carried out by using the 
5 photoresist or the like, and contact holes 24, 25 and 26 are formed by 
etching or the like. This state is shown in Fig. 4(c). 

Finally, ITO (Indium Tin Oxide) is formed over the whole 
surface, the photolithography is carried out by using the photoresist or 
the like, and an unnecessary portion is removed by etching to form an 
£j 10 ITO pixel electrode 27 and upper pads 28 and 29. This state is shown 
O in Fig. 4(d). 

m 

CO According to the manufacturing method described above, a 

J3 

£ TFT array substrate can be manufactured by carrying out the 

W 

s photolithography four times in total, that is, by means of four 

few 

y 15 photomasks. Therefore, a process can be shortened and a cost can be 

fU 

y* reduced. 

b 

jry In the above-mentioned manufacturing method, meanwhile, 

the source line 20, the source electrode 21, the drain electrode 22 and 
the lower pad 23, and the semiconductor layers 18 and 17 which are 

20 positioned thereunder are formed by using the same photoresist R. 
However, because methods or conditions of the etching are different, an 
amount of a reduction in the widthwise direction (side etching amount) 
in the line during the etching of the second metal layer 19 is larger than 
the side etching amounts of the semiconductor layers 18 and 17. As 

25 shown in Figs. 4(a) to 4(d), therefore, the semiconductor layer 18 and the 
semiconductor layer 17 are protruded beside the source line 20. 

In general, in the case in which the material of the source line 
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(i.e. the second metal layer 19) is Cr, Al, Mo or the like, the side etching 
amount is approximately 0.5 to l.O-pm on either side. On the other 
hand, the side etching amounts of the semiconductor layer 18 and the 
semiconductor layer 17 are approximately 0 [Am. Accordingly, in the 
5 case in which the width of the source line in the photomask to be used in 
the photolithography is 10 (xm, a source line to be actually formed has a 
width of 8 to 9 jxm and the semiconductor layer 18 and the 
semiconductor layer 17 are protruded by approximately 1 to 2 \xm. 

In order to obtain a liquid crystal display in which display 
io having a high luminance can be carried out and a display quality is 

P 

O excellent, it is desirable that the aperture ratio of a TFT array substrate 

m 

CQ should be increased as much as possible. In order to prevent the delay 

«F of a signal to be applied to the source line 20 and a degredation in a 

W 

s display quality such as an uneven luminance, moreover, it is desirable 

bj 15 that the resistance of the source line 20 should be reduced as much as 

m 

U possible. 

Q 

fy If the protrusion of the semiconductor layer 18 and the 

semiconductor layer 17 can be removed, the aperture ratio can be 
enhanced without decreasing the width of the source line 20, that is, 
20 without increasing the resistance of the source line 20. In addition, if 
the aperture ratio is equal, the width of the source line 20 can be more 
increased so that the resistance of the source line 20 can be reduced. 

Furthermore, there is also a problem in that the 
semiconductor layers 18 and 17 thus protruded form a capacitance 
25 together with the common electrode of the counter substrate, thereby 
increasing a source-common capacitance. 

In the method of manufacturing a TFT array substrate using 
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four photomasks described above, particularly, the second metal layer 
19 (the source line 20) is exposed to the etching plural times (see Fig. 3(c) 
and Fig. 4(a)). 

For this reason, the difference between the side etching 
5 amount of the source line 20 and the side etching amounts of the 
semiconductor layers 18 and 17 is further increased. For example, in 
the case in which the source line in the photomask has a width 10 fxm, a 
source line to be actually formed has a width of approximately 6 to 7 \xm 
and the semiconductor layers 18 and 17 are protruded by approximately 
h& 10 3 to 4 |Lim. 

.333. 

I jj 

O Accordingly, a reduction in the aperture ratio, an increase in 

m 

the resistance of the source line and an increase in the source-common 
capacitance have become more serious. Therefore, there has been 

y 

s greatly desired a manufacturing method capable of removing the 

yj 15 protruded semiconductor layers 18 and 17. 

It is an object of the present invention to remove a 
semiconductor layer protruded beside a source line in a process for 
manufacturing a TFT array of an active matrix liquid crystal display 
device. 

20 

SUMMARY OF INVENTION 
According to the present invention, a gate line, a source line, 
a TFT element and the like are formed; thereafter a passivation film is 
then formed; and the passivation film on the source line, the passivation 
25 film provided beside the source line and a gate insulating film provided 
beside the source line are simultaneously removed to expose the source 
line and a semiconductor layer provided under the source line when 



u 

ru 
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removing a part of the passivation film to form a contact hole. 

Furthermore, a portion in the exposed semiconductor layer 
which is protruded besides the source line is removed by using, as a 
mask, a resist pattern for removing a part of the passivation film and/ or 
5 a source line. 

Alternatively, a portion in the exposed semiconductor layer 
which is protruded beside the source line is removed by using, as a mask, 
the passivation film from which a part thereof is removed and /or the 
source line. 

Jf 10 According to another aspect of the present invention, a gate 

O line, a source line, a TFT element and the like are formed and a 

2 

00 passivation film is not then formed, and a portion in a semiconductor 

4F layer provided under the exposed source line which is protruded beside 

S . K 

s the source line is removed by using the source line as a mask. 

yj 15 According to still another aspect of the present invention, a 

w 

U semiconductor layer is caused to remain beside the source line when 

O 

fy forming the source line. Consequently, when removing a part of the 

passivation film to form a contact hole, only the passivation film 
provided on and beside the source line is removed and a gate insulating 
20 film provided beside the source line is not removed. 

Furthermore, a portion in the semiconductor layer exposed 
by the removal of the passivation film which is protruded beside the 
source line is removed by using, as a mask, a resist pattern for removing 
a part of the passivation film and/ or the source line. 
25 Alternatively, a portion in the semiconductor layer exposed 

by the removal of the passivation film which is protruded beside the 
source line is removed by using, as a mask, the passivation film from 
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which a part thereof is removed and/ or the source line. 

In the present invention, when selectively removing a part of 
an ITO film, the ITO film provided on the source line is not removed but 
may be left to cover the source line. 

5 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a view for explaining the operation of an active matrix 
liquid crystal display device; 

Fig. 2 is an enlarged plan view showing the main part of a TFT 
10 array substrate; 

Fig. 3 is a sectional view for explaining a method for 
manufacturing the TFT array substrate in Fig. 2 according to the 
conventional art; 

Fig. 4 is a sectional view for explaining the method for 
15 manufacturing the TFT array substrate in Fig. 2 according to the 
conventional art, illustrating succeeding steps to Fig. 3; 

Fig. 5 is a sectional view for explaining a method for 
manufacturing a TFT array substrate according to a first embodiment of 
the present invention; 
20 Fig- 6 is a sectional view for explaining the method for 

manufacturing a TFT array substrate according to the first embodiment 
of the present invention, illustrating succeeding steps to Fig. 5; 

Fig. 7 is a sectional view for explaining the method for 
manufacturing a TFT array substrate according to the first embodiment 
25 of the present invention, illustrating succeeding steps to Fig. 6; 

Fig. 8 is a sectional view for explaining a method for 
manufacturing a TFT array substrate according to a second embodiment 
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of the present invention; 

Fig. 9 is a sectional view for explaining a method for 
manufacturing a TFT array .substrate according to a third embodiment 
of the present invention; 
5 Fig. 10 is a sectional view for explaining the method for 

manufacturing a TFT array substrate according to the third embodiment 
of the present invention, illustrating succeeding steps to Fig. 9; 

Fig. 11 is a sectional view for explaining the method for 
manufacturing a TFT array substrate according to the third embodiment 
10 of the present invention, illustrating succeeding steps to Fig. 10; 
y Fig. 12 is a sectional view for explaining a method for 

manufacturing a TFT array substrate according to a fourth embodiment 
of the present invention; 

Fig. 13 is a sectional view for explaining a method for 



Ly 



UJ 15 manufacturing a TFT array substrate according to the fourth 

ru 

U embodiment of the present invention, illustrating succeeding steps to 

HJ Fig. 12; and 

Fig. 14 is a sectional view for explaining a method for 
manufacturing a TFT array substrate according to a fifth embodiment of 
20 the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiments of the present invention will be described 
below with reference to the drawings. 



25 



EMBODIMENT 1 
The EMBODIMENT 1 of the present invention will be 
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described with reference to Figs. 5, 6 and 7. Figs. 5, 6 and 7 are 
sectional views showing a TFT' array* substrate provided with a reverse 
stagger type TFT, illustrating a manufacturing method therefor. 

The method for manufacturing the TFT array substrate 
5 according to the EMBODIMENT 1 of the present invention includes the 
following steps. 

(1) First of all, a first metal layer is formed on an insulating 
substrate 11, photolithography is then carried out by using a 
photoresist or the like, an unnecessary portion is removed from the first 

M 10 metal layer by etching or the like, and a gate electrode 12, a gate line 13, 

D 

Q a common line 14 and a lower pad 15 are formed (Fig. 5(a)). 

CO- (2) Next, four layers of a gate insulating film 16 comprising 

SiNx, Si0 2 or the like, an a-Si layer (an amorphous semiconductor film, 
a first semiconductor layer) 17, an n+a-Si layer (an amorphous impurity 
y 15 semiconductor film, a second semiconductor layer) 18 and a second 



w. 
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jj metal layer 19 are formed on the substrate in order to cover the gate 

C 

py ; , electrode 12, the gate line 13, the common line 14 and the pad 15. 

(3) After a photoresist R is applied, a resist pattern including 
a region A in which the photoresist R has a great thickness, a region B in 
20 which the photoresist R has a small thickness, and a region C in which 
the photoresist R is removed is formed using a photomask. 

The region A in which the photoresist R has a great thickness 
corresponds to a region in which the second metal layer 19 is to be left as 
a source electrode, a drain electrode, a source line and a drain line, the 
25 region C from which the photoresist R is removed corresponds to a 
region in which at least the second metal layer 19, the second 
semiconductor layer 18 and the first semiconductor layer 17 are to be 
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etched and removed, and the region B in which the photoresist R has a 
small thickness corresponds to a region in which the second metal layer 
19 and the second semiconductor layer 18 are to be removed to form a 
TFT channel portion 38 (Fig. 5(b)). 

In the present embodiment, only the TFT channel portion 38 
is set to be the region B. Although the region B is not limited to the TFT 
channel portion 38, the present invention is characterized in that at 
least a portion to be a source line 20 later and a vicinity thereof are not 
set to be the region B. 

(4) Next, the second metal layer 19 in the C region is first 
removed by etching (Fig. 5(c)). 

(5) Then, the photoresist R in the region B is removed. At 
this time, since the photoresist R in the region A has a great thickness, it 
is not removed but left (Fig. 5(d)). 

(6) Thereafter, the semiconductor layers 18 and 17 in the 
region C are removed by the etching or the like (Fig. 5(e)). 

(7) Furthermore, the second metal layer 19 in the region B is 
removed (Fig. 6(a)). 

(8) Subsequently, the second semiconductor layer 18 in the 
region B is removed and the whole photoresist R is then removed (Fig. 
6(b)). 

The above-described steps are the same as those in the 
conventional art and the source line 20 comprising the second metal 
layer 19 has a larger side etching amount as compared with the 
semiconductor layer 18 and the semiconductor layer 17 as described 
above. Therefore, the semiconductor layer 18 and the semiconductor 
layer 17 are protruded beside the source line 20. 
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(9) After a passivation film 35 is formed on the whole surface 
of the TFT array substrate in this coridition, a photoresist is applied and 
a resist pattern 36 is formed by using a photomask (Fig. 6(c)). 

The resist pattern 36 is used for removing a part of the 
5 passivation film 35 to form contact holes 24, 25 and 26 at a next step, 
and at the same time, has such a pattern that the passivation film 35 in 
a region 30, i.e. on the source line 20 and the vicinity thereof, is also 
removed. 

(10) By using the resist pattern 36, the passivation film 35 is 
M 10 etched to form a contact hole 24 for electrically connecting a drain 

Q electrode 22 to an ITO pixel electrode 27, a contact hole 25 for 

OS 

C2 electrically connecting the lower pad 15 to an upper pad 28, and a 

yy 

£ contact hole 26 for electrically connecting a lower pad 23 to an upper 

U 

g pad 29. At this time, as described above, the passivation film 35 in the 

y 15 region 30, that is, on the source line 20 and the vicinity thereof, is also 

ru 

y removed, and at the same time, the gate insulating film 16 in the region 

G 

py 30 is also removed (Fig. 6(d)). 

(11) Next, etching is carried out by using the resist pattern 36 
and the source line 20 as masks, thereby removing the semiconductor 

20 layers 18 and 17 protruded beside the source line 20, and thereafter the 
resist pattern 36 is removed (Fig. 7(a)). 

At this time, the resist pattern may be removed earlier and 
the protruded semiconductor layers 18 and 17 may be etched by using 
the passivation film 35 and the source line 20 as masks. 

25 Moreover, the second metal layer 19 forming the source line 

20 is to be formed of such a material as not to be etched simultaneously 
with the etching of the protruded semiconductor layers 18 and 17, for 
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example, Cr or the like. 

(12) Then, an ITO film is formed over the whole surface and 
photolithography is thereafter carried out by using a photoresist or the 
like, and patterning for removing an unnecessary portion of the ITO film 
5 is performed by etching, thereby forming an ITO pixel electrode 27 and 
upper pads 28 and 29 (Fig. 7(b)). 

As described above, according to the present invention, a TFT 
array substrate can be manufactured by carrying out the same number 
of photolithography, that is, four times in total as the conventional 
H 10 manufacturing method. Therefore, using four photomasks which is the 

GJ same number as that in the conventional manufacturing method, a TFT 

CO 

65 array substrate can be manufactured and the semiconductor layer 18 

~f 

Jp and the semiconductor layer 17 which are protruded beside the source 

U 

5 wiring can be removed. 

UJ 15 Accordingly, higher aperture ratio of the TFT array substrate 

M and lower resistance of the source line can be achieved without 

0 

m increasing a time and cost required for manufacture, and furthermore, it 

is possible to eliminate the drawback of the conventional art that a 
source-common capacitance is increased. 

20 

EMBODIMENT 2 
The EMBODIMENT 2 of the present invention will be 
described with reference to Fig. 8. 

The present embodiment is characterized in that a source 
25 line 20 is covered with an ITO film 37. 

In the EMBODIMENT 1, the source line 20 is exposed as is 
apparent from Fig. 7(b). Accordingly, it is necessary to select a material 
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which is not reactive to a liquid crystal for the material of the source line 
20, that is, the second metal layer 19. 

In the present embodiment, an ITO film provided on the 
source line 20 is left through the patterning of the ITO film, thereby 
forming the ITO film 37 covering the source line 20 and semiconductor 
layers 17 and 18 positioned under the source line 20. 

Since the ITO film 37 covers the source line 20, a degree of 
freedom for the selection of the material of the source line 20 (a second 
metal layer 19). Furthermore, both the source line 20 and the ITO film 
37 function as source line. Therefore, the resistance of the source line 
can be reduced. Moreover, even if the source line 20 is broken, the ITO 
film 37 fills a redundant role so that reliability can also be enhanced. 

EMBODIMENT 3 

The EMBODIMENT 3 of the present invention will be 
described with reference to Figs. 9, 10 and 11. Figs. 9, 10 and 11 are 
sectional views showing a TFT array substrate provided with a reverse 
stagger type TFT, illustrating a manufacturing method therefor. 

In the EMBODIMENT 1, a gate insulating film 16 is also 
removed in a region 30 in the vicinity of a source line 20 as is apparent 
from Fig. 7(b). Accordingly, in the case in which the source line 20 and 
a common line 14 are provided adjacently, there is a possibility that a 
short circuit might be caused between both lines. In the present 
embodiment, therefore, the gate insulating film 16 is not removed but 
left in the region 30 in the vicinity of the source line 20. 

The process will be described below. 

(1) First of all, a first metal layer is formed on an insulating 
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substrate 1 1 and is then patterned by using photolithography to form a 
gate electrode 12, a gate line 13, a common line 14 and a lower pad 15 
(Fig. 9(a)). 

(2) Next, four layers of a gate insulating film 16, a first 
5 semiconductor layer 17, a second semiconductor layer 18 and a second 

metal layer 19 are formed on the substrate in order to cover the gate 
electrode 12, the gate line 13, the common line 14 and the pad 15. 

(3) After a photoresist R is applied, a resist pattern including 
a region A (AJ in which the photoresist R has a great thickness, a region 

M- 10 B (BJ in which the photoresist R has a small thickness, and a region C in 

s 

□ which the photoresist R is removed is formed using a photomask. 

CO 

CO While only the TFT channel portion is set to be the region B in 

4E the EMBODIMENT 1, the region B x in which the photoresist R has a 

y 

s small thickness is provided also in the vicinity of the region A x to be the 

O 

y 15 source line later in the present embodiment (Fig. 9(b)). 

ru 

jj, (4) Next, the second metal layer 19 in the C region is first 

P 

pj removed by etching or the like (Fig. 9(c)). 

(5) Next, while the photoresist R in the region A (A x ) is left, the 
photoresist R in the region B (B^ is removed (Fig. 9(d)). 
20 (6) Thereafter, the semiconductor layers 18 and 17 in the 

region C are removed by etching or the like (Fig. 9(e)). 

(7) Furthermore, the second metal layer 19 in the region B 
(BjJ is removed (Fig. 10(a)). 

(8) Subsequently, the second semiconductor layer 18 in the 
25 region B (B x ) is removed and the whole photoresist R is then removed (Fig. 

10(b)). 

As described above, the source line 20 comprising the second 
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metal layer 19 has a larger side etching amount as compared with the 
second semiconductor layer 18. Therefore, the semiconductor layer 18 
is protruded beside the source line 20. 

(9) After a passivation film 35 is formed on the whole surface 
of the TFT array substrate in this condition, a photoresist is applied and 
a resist pattern 36 is formed by using a photomask (Fig. 10(c)). 

The photoresist pattern 36 is used for removing a part of the 
passivation film 35 to form contact holes 24, 25 and 26 at a next step, 
and at the same time, has such a pattern that the passivation film 35 in 
a region 30 which includes the source line 20 and the vicinity thereof is 
also removed. 

(10) By using the resist pattern 36, the passivation film 35 is 
etched to form contact holes 24, 25 and 26. As described above, the 
passivation film 35 in the region 30, i.e. on the source line 20 and in the 
vicinity thereof, is also removed (Fig. 10(d)). 

(11) Next, etching is carried out by using the resist pattern 36 
and the source line 20 as masks, thereby removing the semiconductor 
layer 18 protruded under the source line 20 and the semiconductor layer 
17 provided in the vicinity of the source line 20, and then removing the 
resist pattern (Fig. 11(a)). 

At this time, the resist pattern may be removed earlier and 
the protruded semiconductor layer 18 and the semiconductor layer 17 
may be etched by using the passivation film 35 and the source line 20 as 
masks. 

Moreover, the second metal layer 19 forming the source line 
20 is to be formed of such a material as not to be etched simultaneously 
with the etching of the semiconductor layer 18 and the semiconductor 
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layer 17, for example, Cr or the like. 

(12) Then, an ITO film is formed over the whole surface and 
photolithography is used to carry out the patterning, thereby forming an 
ITO pixel electrode 27 and upper pads 28 and 29 (Fig. 11(b)). 
5 As described above, according to the present embodiment, 

the gate insulating film 16 provided in the vicinity of the source line 20 is 
not removed but left. Therefore, there is no possibility that a short 
circuit might be occurred between the source line 20 and the common 
line 14. 

Ms 10 While the source line 20 is exposed in the present 

Q 

□ embodiment, it is a matter of course that the source line 20 can be 

QO 

CO covered with the ITO film in the same manner as described in the 

f EMBODIMENT 2. 

5 

y 15 EMBODIMENT 4 

hi 

The EMBODIMENT 4 of the present invention will be 
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described with reference to Figs. 12 and 13. Figs. 12 and 13 are 
sectional views showing a TFT array substrate provided with a reverse 
stagger type TFT, illustrating a manufacturing method therefor. 
20 The present embodiment is different from the EMBODIMENT 

1 in that the passivation film 35 is omitted. 

The process will be described below. 

(1) First of all, a first metal layer is formed on an insulating 
substrate 1 1 and is then patterned by using photolithography to form a 

25 gate electrode 12, a gate line 13, a common line 14 and a lower pad 15 
(Fig. 12(a)). 

(2) Next, four layers of a gate insulating film 16, a first 
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semiconductor layer 17, a second semiconductor layer 18 and a second 
metal layer 19 are formed on the substrate in order to cover the gate 
electrode 12, the gate line 13, the common line 14 and the pad 15. 

(3) After a photoresist R is applied, a resist pattern including 
a region A in which the photoresist R has a great thickness, a region B in 
which the photoresist R has a small thickness, and a region C in which 
the photoresist R is removed is formed (Fig. 12(b)). 

(4) Next, the second metal layer 19 in the region C is first 
removed by etching (Fig. 12(c)). 

(5) Next, while the photoresist R in the region A is left, the 
photoresist R in the region B is removed (Fig. 12(d)). 

(6) Thereafter, the semiconductor layers 18 and 17 in the 
region C are removed by etching or the like (Fig. 12(e)). 

(7) Furthermore, the second metal layer 19 in the region B is 
removed (Fig. 13(a)). 

(8) Subsequently, the second semiconductor layer 18 in the 
region B is removed and the whole photoresist R is then removed (Fig. 
13(b)). 

The manufacturing steps described above are the same as 
those in the EMBODIMENT 1. As described above, the semiconductor 
layer 18 and the semiconductor layer 17 are protruded beside the source 
line 20. 

(9) After a photoresist is applied to the surface of the TFT 
array substrate in this condition, and a photomask is used to form a 
resist pattern. Thus, a contact hole is formed in the gate insulating film 
16 provided on the lower pad 15. By etching using the source line 20 as 
a mask, furthermore, the semiconductor layer 18 and the 
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semiconductor layer 17 which are protruded under the source line 20 
are removed (Fig. 13(c). 

(10) Then, an ITO film is formed over the whole surface and 
photolithography is used to carry out the patterning, thereby forming an 
i ITO pixel electrode 27 and upper pads 28 and 29. In the present 
embodiment, the ITO pixel electrode 27 and the drain electrode 22, and 
the upper pad layer 29 and the lower pad 23 are directly provided in 
contact with each other without using the contact hole (Fig. 13(d)). 

In the EMBODIMENT 1, the passivation film 35 provided in 
M« 10 the vicinity of the source line 20 is removed in order to remove the 



O semiconductor layer 18 and the semiconductor layer 17 which are 

00 

QJ protruded beside the source line 20 (Fig. 6(d)). At the same time, the 



sj.jp 



jp gate insulating layer adjacent to the source line is also removed. 

ill 

a Accordingly, in the case in which the source line 20 and the common line 



5 



m 15 14 are provided adjacently, there is a possibility that a short circuit 

fy 

might be occurred between both lines, 
fcj According to the present embodiment, it is not necessary to 

remove the passivation film 35. Therefore, the gate insulating film 16 
provided in the vicinity of the source line 20 is not removed. 
20 Accordingly, also in the case in which the source line 20 and the 
common line 14 are provided adjacently, there is no possibility that a 
short circuit might be caused between both lines. 

While the source line 20 is exposed in the present 
embodiment, it is a matter of course that the source line 20 can be 
25 covered with the ITO film in the same manner as in the EMBODIMENT 2. 

According to the present embodiment, the passivation film 35 
is omitted. Therefore, a TFT array substrate can be fabricated at a low 
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cost in a short time, and the semiconductor layer 18 and the 
semiconductor layer 17 which* are protruded beside the source line 20 
can be removed. Therefore, an aperture ratio can be enhanced and the 
resistance of the source line can be reduced, and furthermore, it is 
5 possible to eliminate a drawback that a source-common capacitance is 
increased. 



EMBODIMENT 5 
The EMBODIMENT 5 of the present invention will be 

H 10 described with reference to Fig. 14. Fig. 14 is a sectional view showing 

Q 

S a TFT array substrate provided with a reverse stagger type TFT, 

CO 

00 illustrating a manufacturing method therefor. 

5 In the EMBODIMENT 4 described above, the TFT array 

y 

s substrate is fabricated by using four photomasks in total, that is, 

Q 

y 15 carrying out photolithography four times. According to the present 

fU 

y> embodiment, it is possible to manufacture a TFT array substrate by 

O 

fy using three photomasks, that is, carrying out the photolithography three 

times. 

In the EMBODIMENT 4, at the step shown in Fig. 13(c), the 
20 photoresist is applied to the surface of the TFT array substrate, the 
photomask is used to form the resist pattern, and the contact hole is 
formed in the gate insulating film 16 provided on the lower pad 15. 

Then, the ITO film is formed over the whole surface and the 
photolithography is used to carry out patterning, thereby forming the 
25 ITO pixel electrode 27 and the upper pads 28 and 29. Accordingly, the 
lower pad 15 and the upper pad 28 are electrically connected through a 
contact hole. 
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In the present embodiment, in contrast, the gate insulating 
film 16 provided on the lower pad* 15 is removed without using the 
photomask before the ITO film is formed (Fig. 14(a)). The removal is 
carried out through a peripheral exposing step, in which the photoresist 
in the peripheral portion of the TFT array substrate is exposed without a 
mask, by also exposing the photoresist provided on the lower pad 15 to 
remove. The gate insulating film 16 provided on the lower pad 15 is 
thus exposed and removed at a succeeding etching step. Then, the ITO 
film is formed over the whole surface and is patterned by using the 
photolithography, thereby forming the ITO pixel electrode 27 and the 
upper pads 28 and 29 (Fig. 14(b)). In this case, the lower pad 15 and 
the upper pad 28 are directly provided in contact with each other and 
are electrically connected. 

Since the photolithographic step of forming the contact hole 
in the gate insulating film 16 is not required, a TFT array substrate can 
be fabricated by carrying out the photolithographic step three times, 
that is, using three photomasks, so that a cost can be further reduced. 

As a matter of course, in the same manner as in other 
embodiments, it is possible to remove the semiconductor layer 18 and 
the semiconductor layer 17 which are protruded beside the source line 
20. Therefore, an aperture ratio can be enhanced and the resistance of 
the source wiring can be reduced, and furthermore, it is possible to 
eliminate a drawback that a source-common capacitance is increased. 

While the source line 20 is exposed in the present 
embodiment, it is a matter of course that the source line 20 can be 
covered with the ITO film in the same manner as in the EMBODIMENT 2. 
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INDUSTRIAL APPLICABILITY 
By applying the manufacturing method according to the 
present invention, it is possible to^ remove a semiconductor layer which 
protrudes beside a source line through a manufacturing step using four 
5 photomasks as in the conventional art or three photomasks which are 
fewer than those in the conventional art. Consequently, it is possible to 
prevent a reduction in an aperture ratio, an increase in the resistance of 
the source line and an increase in a source-common capacitance. Thus, 
it is possible to manufacture a liquid crystal display of high quality 

M; 10 inexpensively in a short time. 

□ 

□ By covering the source line with the ITO film, furthermore, 

jig the reaction of the source line and a liquid crystal can be prevented, so 

j£ that a degree of freedom in the selection of the material of the source line 

u 

g can be enhanced. Moreover, since the ITO film as well as an original 

□ 

y 15 source line can also function as the source line, the resistance of the 



£ source line can be further increased so that a liquid crystal display of 

high quality can be obtained, and furthermore, the possibility of a 
disconnection of the source line can be decreased so that reliability can 
be enhanced. 



w 
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